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Desertion 

The present invention relates to microwave beam 
antenna systems and more particularly to phased array 
antenna systems of the type which generate multiple si- 
multaneous antenna beams by controlling the relative 
phase of signals In multiple radiating elements. 

For many years radar systems array antennas have 
been known and have been used lor the formation of 
sharply directive beams. Array antenna characteristics 
are determined by the geometric position of the radiator 
elements and the amplitude and phase of their individual 
excitations. 

L^ter radar developments, such as the magnetron 
and other hi^ powered microwave transmitters, had 
the effect of pushing the commonly used radar f requen- 
cles upward. At those higher frequencies, simplei an- 
tennas became practical which usually Included shaped 
(parabolic) reflectors illuminated by horn feed or other 
simple primary antenna 

Next, electronic (inertialess) scanning became irrh 
portant for a number of reasons, including scanning 
speed and the capability for random or programmed 
beam pointing. Since the development of electronically 
controlled phase shifters and switches, attention has 
been redirected toward the array type antenna in which 
each radiating element can be individually electronically 
controlled. Controllable phase shifting devices in the 
phased array art provides the capability for rapidly and 
accurately switching beams and thus permits a radar to 
perform multiple functions interlaced in time, or even si- 
multaneously. An electronically steered array radar may 
track a great multiplicity of targets, illuminate a number 
of targets for the purpose of gukling missiles toward 
them, perlonn wkfe^ngte search with automatic target 
selection to enable selected target tracking and may act 
as a communication system directing high gain beanrts 
toward distant receivers and^or transmitters. According- 
ly, the importance of the phase scanned array is very 
great. The text "Radar Handbook* by Merrill I. Skolnik. 
McGraw hllll (i 970) provides a relatively cun^nt general 
background in respect to the subject of array antennas 
In general. 

Other references which provide general back- 
ground in the art Include: 

U.S. Patent 2,967,901 issued January 3, 1961 to 
Reanwin entitled, SELECTIVE DireCTIONAL SLOT- 
TED WAVEGUIDE ANTENNA descrtoes a method for 
creating sequential beams for determining aircraft ve- 
locity relative to ground. 

U.S. Patent 3,423,756 issued January 21. 1969. to 
Pokier, entitled SCANNING ANTENNA PEED describes 
a system wherein an electronically controlled conk^al 
scanning antenna feed is provided by an oversized 
waveguMe having four tuned cavities mounted about 
the waveguide and coupled to it The signal of the fre- 
quency to which these cavities are tuned is split into 
higher order modes thus resulting in Ihe movement of 



the radiation phase center from the center of the anten- 
na aperture. By tuning the four cavities In sequence to 
the frequency of this signal, it is conically scanned. Sig- 
nals at other frequencies if sufficientty separated from 

5 the frequency to whkii the cavftles are tuned continue 
to propagate through the waveguide without any distur- 
bance within the wavegukie. 

U.S. Patent 3,969,729, issued July 13. 1976 to 
Nemet. entitled NETWORK-FED PHASED ARRAY AN- 

10 TENNA SYSTEM WITH INTRINSIC RF PHASE SHIFT 
CAPABILITY disck>8Bs an integral element/i^hase shift- 
er for use in a phase scanned array. A non-resonant 
wavegi^e or stripline type transmission line series 
force feeds the elements of an array. Four RF dk)des 

1^ are arranged in connection within the slots of a symmet- 
rical skn panem In the outer conductive wall of the trans- 
mission line io vary ihe coupling therefrom through the 
stole to the aperture of each IndivkJual antenna element 
Each dtode thus controls the contributton of energy from 

^ each of the slots, at a con'esponcSng phase, to the indi- 
vklual element aperture and thus determines the net 
phase of the sakJ aperture. 

U.S. Patem 4,041,501 Issued. August 9, 1977 to 
Frazeta et al., entitled UMITED SCAN ARRAY ANTEN- 

25 NA SYSTEMS WITH SHARP CUTOFF OF ELEMENT 
PATTERN disctoses array antenna systems wherein the 
effective element pattern Is modified by means of cou- 
pling circuits to closely conform to the idea) element pat- 
tern required for radiating the antenna beam within a se- 

30 lected angular region of space. Use o1 the coupling cir- 
cuits in the embodiment of a scanning beam antenna 
significantly reduces the number of phase shifters re- 
quired. 

U.S. Patent 4.099,181. issued July 4. 197e.toScil- 

3S BerietaUntftled FLAT RADAR ANTENNA discloses a 
flat radar antenna tor radar apparatus conprising a plu- 
rality of aligned radiating elements disposed in parallel 
rows, in which the quantity of energy ftowing between 
each one of said elements and the radar apparatus can 

40 be adjusted, characterized in that sak^ radiating ele- 
ments are wavegukJes with copianar radiating faces, 
saki wavegukies being grouped according to four quad- 
rants, each one of sak) quadrants being connected with 
the radar apparatus by means of a feed devtee adapted 

45 totakeononeortwocondittons. onelnwhtehitfeeds 
all the waveguides in the quadrant and the other in which 
It feeds only the rows nearest to the center of the anten- 
na excluding the other waveguides in the quadrant, 
means being provided for the four feed devices to lake 

so on at the same time the same conditton. sothat the radar 
antenna emits a radar beam which is symmetrteal rela- 
tively to the center of the antenna, and having a different 
configuration accoiding to the conditton of the feed de- 
vtees. 

ss U.S. Patent 4, 595.926. issued June 17, 1986 to ko- 
bus etal. entitled DUAL SPACE FED PARALLEL PLATE 
LENS ANTENNA BEAMFORMING SYSTEIW describes 
a beam! orming system for a linear phased array anterv 
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na system which can be used in a monputse transcerver, 
comprising a pair of series connected paraDet plate con- 
strained unfocused lenses ^fch provide a suitable am- 
plitude taper for the linear array to yield a low sidelobe 
radiation pattern. Digital phase shifters are used for s 
beam steering purposes and the unfocused tenses 
decorreiate the quantisation errors caused by the use 
of such phase shifters. 

U.S. Patent 3^ 546. 699, issued December 8. 1970 
to Smith, entitled SCANNING ANTENNA SYSTEM dis- 
closes a scanning antenna system comprising a Fixed 
array of separate sources of in-phase electromagnetic 
energy arranged in the arc of a circle, a transducer hav- 
ing an arcuate input contour matching and adjacent to 
the arc, a r»iear output contour, and transmission prop- 
erties such that a)l of the output energy radiated by the 
tra'^^ucer is in phase, and means for rotating the traris- 
ducer in the plane of the circle about the center of the 
circle. 

A 'beam-forming matrix design using MMICS for a 
multibeam phased-array antenna* is described in '1 3th 
Annual QAAS IC Symposium Technical Digest 1991*. 
October 1991. Monterey Califomia USA. pages 41-44. 
Qupta et al. This suggests the use of a beam forming 
matrix in the form of a tour >way power combiner feeding 
each radiating horn. The combiner employs for each of 
four signals a bit digital phase shifter capable of ajusting 
the phase of the signal to be combined in steps. The 
phase adjustment influences the steering of the associ- 
ated beam. 

- Re-configurable arrays by phase only control are 
disclosed in 'IEEE Transacticms on Antennas and Pro- 
pogation' Vol 39. No J, July 1 991 . New York USA. pag- 
es 91 9-925:- BuccI et al discloses a single array antenna 
suggests the steering of a signal beam by applyiing dif- 
ferent phase shifts whilst maintaining a fixed amplitude 
of signal known as "phase - only control". 

The present invention seeics to provide an active 
phased array transmitter which enables improved pow- 
er efficiency. 

According to the invention there is provided a 
phased array transmitting antenna system for generat- 
ing multiple Independent simultaneous microwave sig- 
nal beams comprisfaig a pluraDty of antenna radiating 
elements disposed on an array on a substrate, each one 
of said elements hcluding amplifier means, a hybrid 
coupler disposed In a cavity on said substrate for pro- 
viding orthogonal microwave energy signals having se- 
lected phases, filter means responsive to the microwave 
output signals of said cavity for passing signals within a 
selected frequency band, a radiating hom responsive to 
said microwave signals passed by said fitter and means 
for transmitting said microwave signals as a beam hav- 
ing a direction and shape, characterised in that each 
said cavity includes a first pair of microwave probes dis- 
posed In said cavity 180 degrees apart, a second pair 
of probes disposed in said cavity 180 degrees apart, 
said first and second pairs of probes being disposed 90 



degrees apart, a first pair of linear amplifiers connected 
to said first pair of probes and a second pair of linear 
amplifiers connected to said second pair of probes for 
exciting orthogonal microwave energy in said cavity 
such that each of said plurality of said antenna radiating 
elements transmit one of a multiple of simultaneous mi- 
crowave beams having the same power value and dif- 
ferent phase values which determine the shape and 
transmitted direction of said beams. 

The phased array antenna system, more particular- 
ly, an active transmit phased array antenna permits gen- 
eration of multiple Independent simultaneous antenna 
beams to illuminate desired regions while not iliuminat- 
ing other regions. The size arKi shape of the regions is 
a function of the size and number of elements populating 
the array and the number of beams is a tunctbn of the 
number ot beam forrning networks feeding the array. Ail 
the elements of the array are operated at the same am- 
plitude level and beam shapes and directions are deter- 
mined by the phase settings. 

In order that the invention and its various other pre- 
ferred features may be understood moro easily an em- 
bodiment thereof wW now be described, by way of ex- 
ample only, with reference to the drawings in which: 

Figure 1 Is an illustratkxi of a plurality of arrayed 
elements for an active transmit phased array antenna 

Figure 2 is a schenrwtic illustratfon of a cross-sec- 
tion of an elenr>ent of the plurality of the type employed 
in the multi-element phased array antenna of Figure 1. 

Figure 3 is a schematic top view of the air dielectric 
cavity shown in Figure 2. 

Figure 4 is a schematk: bottom view of the controller 
used in the system of Figure Z 

Figure 6 is a scherrtatic illustiation showing phase 
shifters and attenuators of Rgure 4 in more detail and 
with their associated circuits. 

Referring to Figure 1 , a version ot an active transmit 
phased array antenna is shown including an illustrative 
number of the 213 elements disposed in a hexfform con- 
figuration. Fig. 2 illustrates a single one of the 213 ele- 
ments included in the antenna of Fig. 1. Each etenrmt 
d Fig. 1 is dentk;al to that shown in Rg. 2 and Includes 
a radiating hom 10 capable of radiating in each of two 
orthogonal polarizatkm with isolation of 25 dB or great- 
er The hom is fed by a multi-pole bandpass filter means 
1 2 whose functkan is to pass energy h the desired bend 
and reject energy at other frequencies. This is of partk>- 
ular importance when the transmit antenna of the 
present invention is employed as part of a communica- 
tion satellite that also employs receiving antenna(8) be- 
cause spurious energy from the transmitter in the re> 
ceive band coukJ otherwise saturate and interfere with 
the sensitive receiving elements in the receiving anten- 
na(s). In the present embodiment the filter means 12 Is 
comprised of a series of sequential resonant cavities, 
coupled to one another in a way which maintains the 
high degree of orthogonality necessary to makitain the 
isolation referred to above. 
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The fitter means 12 is coupled into an air dielectrtc 
cavity 1 4 mounted on substrate 36. Air dielectric cavity 
14 contains highly efficient monolithic amplifiers which 
excite orthogonal microwave energy In a push-pull con- 
figuration. Referring to Rg. % which is a schematic plan 
view of the air dielectric cavity 14 of Fig. 2. this excitation 
is accomplished by probes 18. 20. 30 and 32 in combi- 
nation with amplifiers 22, 24, 26 and 28. In Fig. 3, the 
probes 18 and 20 are placed such that they drive the 
cavity 14 at relative positions ISO* apart. This provides 
the tiansformation necessary to afford the push putt 
function when amplifiers 22 an6 24 are driven out-ol- 
phase. Amplifiers 26 and 28 similarly feed probes 30 
and 32 which are 180* apart and are positioned at 9(f 
from probes 18 and 20 so that they may excite orthog- 
onal microwave energy in the cavity. The two pairs of 
amplifiers are fed in phase quadrature by hybrid input 
34 via 180 degree couplers 34A and 34B to create cir- 
cular polarization. 

In order to accomplish the exact phase and ampli- 
tude uniformity necessary for orthogonal beams, ampli- 
fiers 22, 24, 26. and 28 must be virtually identical. The 
only practical way to enable this identity is to employ 
monolithic microwave integrated circuits (MMIC's) for 
the amplifiers. 

The 90® hybrid 34 is shown terminating in two dots 
in Fig. 3. These dots represent feed thm connections 
from the substrate. 36 illustrated in the bottom view of 
Fig. 4. and the other encte of the feed thru connections 
can be seen at location 38 and 39. One of these excites 
right circular polarization while the other excites left cir- 
cular polarization. Additionally, if the signals passing 
through the feed thru connections were fed directly to 
180* couplers 34A and 346 without the bertefit of the 
90" hybrid 34^ linearly polarized beams rather than cir- 
cularly polarized beams would be excited. The hybrid 
34 is fed through connectors 38 and 39 by MMtC driver 
amplifiers 40 and 42, one for each sense of polarization. 
The desired polarization for each beam is selected by 
switch matrix 44. which also combines all the signals for 
each polarization to feed the two driver amplifiers 40 and 
42. Each beam input (in the present example four) In- 
cludes an electronically controlled phase shifter 48 and 
attenuator 46 used to establish the beam direction and 
shape (size of each t>eam). All elements in the array are 
driven at the same level for any given beam. This is dif* 
f erent from other transmit phased arrays, which use am- 
plitude gradients across the array to reduce beam 
sidelobes. 

The active transmit phased array antenna being 
disclosed herein employs uniform illumination (no gra- 
dient) in order to maximize the power efficiency of the 
antenna. Otherwise, the power capacity of an antenna 
element is not fully utilized. The total available power 
can be arbitrarily distributed among the set of beams 
with no loss of power. Once the power allocation for a 
given beam has been set on all elements of the antenna 
by setting the attenuators 46. then the phase (which is 



nx>st likely different for every elenrtent) is set employing 
phase shifters 48 to establish the beam directions and 
shapes. The phase settings for a desired beam shape 
and direction are chosen by a process to synthesize the 

s beam. The synthesis process is an Iterative, computa- 
tion-intensive procedure, which can be stored in a com- 
puter The objective of the synthesis process is to form 
a beam which most efficiently illuminates the desired re- 
gion without illuminating the undesired regions. The re- 

10 gion could be described by a regular polygon and the 
minimum size of any side will be set by a selected 
number of elements In the array and their spacing, in 
general, the more elements in the array the more com- 
plex the shape of the polygon that may be synthesized. 

'5 The process of phase-only beam shaping generates the 
desired beam shape but also generates grating bbes. 
This Invention, as used for a saieliil© antenna, may per- 
mit the relative magnitude of the grating bbes to be min- 
imised and prevent them from appearing on the surface 

20 of the earth as seen from the satellite orbital position so 
that they will not appear as interference in an adjacent 
beam or waste power by transmitting it to an undesired 
location. The synthesis process minimises the grating 
bbes, and H may also be used to generate a beam null 

2S at the location of a grating bbe that cannot othenvise 
be minimised to an acceptable level 

The number of independent beams that can be gen- 
erated by the active transmit phase array antenna is lim- 
ited only by the number of phase shifters 48 arid alten- 

sa uators 46 feeding each element Referring to Figure 5, 
it is indicated that each sU'ing of phase shifters 48 and 
attenuators 46 Is fed by different uniform power divider. 
The number of ports on each power divider must be 
equal to or greater than the number of elements. In the 

ss example shown in Fig. 5, the number of ports on the 
power divider must be 213 or greater. The number of 
power dividers must equal to the number of independent 
beams that the antenna can generate. The systems of 
exanDple shown would thus require tour power dividers 

^ each having 21 3 ports. 

As stated previously, the sum of the power in each 
of the beams must equal the capacity of ail of the ele- 
ments in order to maximize effblency. The capacity of 
each element is understood to be the linear or non-dis- 

^ torting capacity. In order lor the acth/e transmit phased 
array antenna to presenre the independence of the sev- 
eral beams It generates, each of the amplifiers in the 
chain must operate in its linear range in order to prevent 
an unacceptable degree of crosstalk between the 

so beams. As long as the amplifiers are linear, then the 
principle of linear superposition is valid. When the am- 
plifiers are driven Into their rwn-linear regiai, the Inde- 
pendence of the beams is jeopardized. The final ampli- 
fiers 22, 24. 26 and 28 are nnost crttbal because they 

ss consun^e more than 90% of the power In order to pro- 
vide acceptable performance, they must exhibit on the 
order of 0.1% total harmonic distortion at all operatvig 
levels bebw the specified nnaximum. 
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Control for each element Is embodied in a micro- 
processor controller 50 shown in Fig. 5. together with 
interface electroriics Incorporated within a large scale 
gate array. The controller 50 not only has the capabiKly 
of generating the specific control voltages required by 
each phase shifter and attenuator, but it can also store 
the present and next command set. With this control 
mechanization in place beams may be switched e^er 
on an as required-basis^ or on a time division multi- 
plexed basts to seive a large quantity of independent 
regions. The controllers for each element are intercon- 
nected by means of a typical Inter-device control bus. 
When the antenna is used as part ol a communication 
satellite, an Inter-device control bus also Is used to con- 
nect to a master controller co-located with the satellite 
control electronics. A typical set of coefficients for each 
beam will be computed on the ground and relayed to the 
satellite by way of the satellite control linic Each element 
has a unique t>us address, established by hard wired 
code built into the combining network to which the ele- 
ment hardware is attached. Because of the potentiat of 
temperature related drift a thermistor may be used to 
conipensale control voltages if required. If the vodages 
needed to control phase and ampfitude are not linear, 
the mieroprDcessors can store look up tables to altow 
llneafization. 



Claims 

1. A phased array transmitting antenna system for 
generating multiple independent simultaneous mi- 
crowave signal beams, comprising a plurality of an- 
tenna radiating elements (10,1 2, 14) disposed on an 
array on a substrate (36), each one of saki elements 
including ampHfier means (22, 24.26. 28), a hybrid 
coupler (34) deposed in a cavity (14) on said sub- 
strate for providing orthogonal mk^rowave energy 
sl^ais having selected phases, filter means (12) 
responsive to the mk^rowave output signals of said 
cavity for passing signals within a selected frequen- 
cy band, a radiating horn (10) responsive to saki 
microwave signals passed by sard filter (12) and 
means for transmitting saki mferowave signals as a 
beam having a direction and shape, characterised 
in that each of saki cavity (1 4) includes a first pair 
of mtorowave probes (18. 20) disposed in saki cav- 
ity 180 degrees apart, a second pair of probes 
(30.32) disposed In said cavity 180 degrees apart, 
said first and second pairs of probes (18,20;30,32) 
being disposed 90 degrees apart, a first pair of lin- 
ear amplifiers (22. 24) connected to said first pair of 
probes (1 8,20) and a second pair of linear amplifiers 
(26, 32) connected to said secorKi pair of probes 
(30, 32) for exciting orthogor^l microwave energy 
In saki cavity such that each of saki plurality of saki 
antenna radiating elements transmit one of a multi- 
ple of simultaneous microwave beams having the 



same power value and different phase values which 
determine the shape and transmitted directkxi of 
saki beams. 

2. A phased array transmitting antenna system as 
claimed in claim 1, characterised in that said sub- 
strate (36) Includes phase shift means (48) and at- 
tenuator means (46) connected to saki first and sec- 
ond pairs of amplifier (22,24; 26,28) and probes 

10 (18.20.30.32) in said cavity for providing phase 
quadrature signals to create drcutar signal polari- 
satkxi wherein one of saU pairs of amplifiers 
(22,24) and probes (18.20) Is excfted to right circu- 
lar polarisatfon and the other of saki pairs of ampli- 
fiers (26.28) and probes (30,32) is excited to left cir- 
cular polarisatk>n. 

3. A phased array transm^ng antenna system as 
claimed in claim 2, characterised in that saki phase 

20 shift means (48) and attenuator means (46) in- 
cludes a plurality of separate phase shift (48) and 
attenuator circuits (46) and a switch matrix (44) con- 
nected to each of saU phase shift and attenuator 
circuits to selectively connect separate polarization 
signals to saki pairs of amplifiers and probes in saki 
cavity, saki separate polarizatbn signals provding 
the direction and shape of saki microwave beam 
transmitted from saki horn (10). 

^ 4. A phased array transmitting antenna system as 
claimed in claim 3, characterised In that saki atten- 
uator means (46) are set to provide that sak) micro- ' 
wave beams transmitted from saki homs of saki 
pturatity of elements are equal in amplitude. 

3S , 

5. A phased array transmitting antenna system as 
claimed in claim 4, characterised in the inclusnn of 
a plurality of power signals and wherein said phase 
shift (48) and attenuator (46) circuits for each an- 

^ tenna elenr^ent includes a plurality of series connect- 
ed phase shift (48) and attsnuator (46) circuits, 
each of saki plurafity of series connected phase 
shift and attenuator circuits is connected to a sep- 
arate power signal wherein each of saki series con- 

^ nected phase shift and attenuator circuits is asso- 
ciated with a separate beam to be transmitted by 
said antenna element, and wherein each of said se- 
ries connected phase shift and attenuator circuits 
establishes the direction and shsqpe for each asso- 

so elated beam. 

& A phased array transmitting antenna system as 
claimed in claim 5, characterised in the inclusion of 
control means (50) connected to each of said phase 
ss shift circuits (48) and attenuator circuits (46) for set- 
ting saki phase shift circuits at selected values to 
prcvkie desired beam directions and shapes, and 
(or setting saki attenuator circuits at selected values 
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zweilen Paar Verstarker {22, 24; 26, 28) und den 
Sonden (18. 20^ 30. 32) im Hohferaum zur Erzeu- 
gung von 90* phasenverschobenen Signalen ver- 
bunden sind, um etn Zirkularpolarisationssignal zu 
s erzeugen, wobei etnes der Vsrstdrkerpaare (22, 24) 
und der Pfoben paare (18, 20) zu einer Rechtszir- 
kutarpolarisation und das andere der Verstdrker- 
paare (26, 28) und der Proben paare (30. 32) zu 
einer Linksztrkuiarpolarisation erregt wird. 

10 

3. Phaeengesteuertes Sendeantennensyetem nach 
Anspruch 2. 

dadurch gakennzelctmet, daB 

d(e Phasenschfeber (48) und die DSmptungsgtieder 
IS (46) mehrere separate Phasenschieberkreise (48) 
und Ddmpfungsgliederkreise (46) und eine Schalt- 
matrix (44) auiweisen, die mit jedem der Phasen> 
schieber- und Ddmptungsgliederkreise verbunden 
ist, um selektiv separate Polarisatk>nssignale auf 
^ die Verstarker- und Sonden paare im Hohiraum zu 
ertragen. ^nbeidieseparaten Polartsatkyissignale 
die Rtehtung und Form dds vom Homstrahler (10) 
Qbertragenen Mikrbweilenstrahls besHmmen. 

^ 4. Phasengesteuertes Sendeantennensystem nach 
Anspruch 3, 

dadurch gekennzeichnet, da6 

die Dampfungsglieder (46) so etngesteitt sind, da() 
6te bewirken. da8 die von den Homstrahiem der 
30 mehreren Elements Qbertragenen Mikrowelten* 
strahien gleiche Amplitude haben. 

5. Ph^engesteuertes Sendeantennensystem nach 
Anspruch 4, 
^ dadurch gekennzeichnet, daB 

mehrere Energiesignale vorhanden sind. und daO 
die Phasenschieber- und Ddmpf ungsgliederkreise 
(48. 46) tor Jedes Antennenelement mehrere in Rek 
he geschaRete Phasenschieber- und Dampfungs- 
^ gliederkreise (46. 48) umfassen, wobei jeder der 
mehreren in Reihe geschalteten Phasertschieber- 
und DSmpfungsgliederfcrelse an ein gesondertes 
Energieslgnalangeschlossen tst. Jeder der in ReSie 
geschalteten PhasenscMeber- und Dampfungs- 
45 gHederkreise efnem gesonderten, vom Antennen- 
element zu Obertragenden Strahl zugeordnet ist. 
und jeder der in Reihe geschalteten Phasenschie- 
ber- und Dampf ungsgliederkreise die RIchtung und 
Form jedes zugehdrigen Strahls bestimmt. 

so 
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wherein all saki antenna elemertts have the same 
amplitude level. 

7. A phased ariay transnnittihg antenna system as 
claimed in claim 6. characterised \n the indusksn of 
first and second mcnolithb microwave integrated 
circuit amplifiers (40.42) connected between sakI 
hybrid coupler (34) and sakJ switch matrix (44), said 
monolithic mterowave integrated circuit amplifiers 
being highly linear to maintain sakI transmitted 
beams independent of each other to provide for 
multiple beams to be transmitted simultaneously 
without interactkni. 



PatentansprOche 

t. Phasengesteuertes Sendeantennensystem zur Er- 
zeugur>g mehrfacher, unabhangiger, glek:hzeitiger 
Mikrowellensignalstrahlen, bestehend aus mehre- 
ren Antennenstrahlerelementen (10. 12, 14). die in 
einem Feld auf einem Trager (36) angeoidnet sind. 
von denen jeder VerstSrker (22, 24, 26, 28), elnen 
i-tybridkoppler (34). der in einem Hohiraum (14) auf 
dem Trager zur Erzeugung orthogonaler Mikrowet- 
lenenergtesignale m& ausgewahlten Phasen ange- 
ordhet Ist. eine Fiilerelnrichtung, die auf die hJmo- 
weBenausgangssignale des Hohiraums zur Ober- 
tragung von Signalen \n einem ausgewahlten Pre- 
quenzband anspncht, einen Homstrahler (10). der 
auf die vom Filter (12) OberUagenen Mikrowellensi- 
gnale ansprteht. und eine Einrk^htung zur Ubertra- 
gung der Mikrowellensignale als Stiahl mit eIner 
RIchtung und elner Form aufwelst. 
dadurch gekennzeiehnet, daB 
jeder Hohiraum (14) ein erstes Paar MikioweOen- 
sonden (18. 20) aufwelst. die im Hohiraum um 180*" 
versetzt angeordnet sind. ein zweites Paar Sonden 
(30. 32), die im Hohiraum um 180* versetzt ange- 
ordhet sind. wobei das erste und zwette Paar Son- 
den (18. 20; 30, 32) um 90^ versetzt angeordnet 
sind, ein erstes Paar Unean^stdrker (22, 24), die 
mit dem ersten Paar Sonden (18, 20) veibunden 
sind, und ein zwertes Paar LineanrerstSrker (28. 
32), die mit dem zweiten Paar Sonden (30, 32) zur 
Erregung orthogonaler Mikrowellenenergie im 
Hohiraum verbunden sind. so da8 jedes der meh- 
reren Antennenstrahlerelemente enen von mehre- 
ren. gletehzeitigen MikroweBenstrahlen ubertragt. 
die die gleiche EnerglegroBe und unterschiedluhe 
PhasengroBen haben. die die Form und Obertra- 
gungsrlchtung der Strahien bestimmen, aufwelst. 

2. Phasengesteuertes Sendeantennensystem nach 
Anspruch 1, 

dadurch gekennzelchnet, daB 

der Trager (36) Phasenschleber (48) und Damp- 
fungsglieder (46) aulweist. die mit dem ersten und 



6w Phasengesteuertes Sendeantennensystem nach 
Anspruch 5, 

dadurch gekenzelohnet, daB 

ehe Steuerelnrfchtung (50) vorhanden ist. die mit 
ss jedem der Phasenschieberkreise (48) und der 
Ddmpfungsgllederkreise (46) zur Einsteitung der 
Phasenschieberkreise auf ausgewahlte QrdBen 
verbunden ist. um die Soilstrahlrk;htungen und -for- 
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men zu bewirken, und urn die Dampfungsglieder- 
kreise auf ausgewdhtte GroBen einzuslellen. wobei 
Bile Antennenetemente den gletehen Amptituden* 
pegel haben. 

5 

7. Phasengesteuertes Sendeantennensyslem nach 
Anspruch 6, 
gekennzelchnet durch 

erete und zweite monolithische IC-Mikrowellenver- 
starker (40, 42), die zwischen den Hyfortdkoppler w 
(34) und die Schaltmatrix (44) geschaJtel eind. wo- 
bei die monolilhlschen IC-MikrowenenveretSrker 
hochlinear sind, um die Obertragenen Strahlen un- 
abhdngig vonekiander aufrechtzuerhalten und die 
gleichzeitige Obettragung von Mehrlachstralilen is 
ohne Weclisetwirkung zu bewirken. 



d*^issk)n desdits faisceaux. 

Z Syst&nne d'antenne dnnettrice d batayage diectroni- 
que selon la revendkatbn 1 . carad^risd en ce que 
ledit substrat (36) comprend des dispositifs d^pha- 
seurs (46) et des <£spositil8 attSnuateurs (46) relics 
auxdites premi&re et deuxi&nf>e paires tfamplifica- 
teurs (22. 24 ; 28. 28) et de sondes (1 8. 20 ; 30. S2) 
disposes dans laditecavitd pour foumir des eignaux 
en quadrature de phase en vue de crter une pola* 
risatbn de signal circulaire. une desdites paires 
tfamplifteateurs (22. 24) et de sondes (18. 20) dtant 
excttde pour une polarisation circulaire d drdle et 
rautre desdites paires d'ampliflcateurs (26, 28) et 
de sondes (30, 32) 6tant excitdes pour une polari- 
sation circulaire d gauche. 



Revendteatlons 

1 . Systdme d^enne 6mettrice £i baiayage 6lectroni- 
que deetind k engendrer des faisceaux mult^es de 
signal hyperfrSquence fnd^pendants et stmultan^s 
et comprenant une plurality d^^l^ents rayonnants 
d'antenne (10. 12. 14) dispose sur un groupemsnt 
sur un substrat (36)» chacun desdits ^Idments com- 
prenant des moy ens d'ampllfk^tion (22, 24, 26. 28). 
un coupleur hybride (34) disposd dans une cavitd 
(1 4) amdnagde dans ledit substrat pour toumir des 
signaux dT^ergie hyperfrdquence orthogonaux 
prdsentant das phases sdlecttonn^es. des moyens 
de fittrage (12) sensibles aux signaux hyperfrd- 
quence de sortie de ladite cavity pour fiaire passer 
des signaux se trouvant dans une bande de fre- 
quences s^lectkxin^e, un cornet rayonnant (10) 
sensft>le auxdits signaux hyperfrdquence tiansmis 
par ledit fittre (12) et des moyens pour ^mettre les- 
dits signaux hyperlrdquence sous la fomne d*un 
faisceau pr6sentant une directk>n et une forme, ca- 
ractdris^ en ce que chacune desdites cavitds (14) 
comprend une preml&re pairs de sondes hyperfrd- 
quence (18. 20) disposdes dans ladite cavitd avec 
un espaeementde 180 degree, unedeuxi^me paire 
da sondes (30, 32) disposdes dans ladite cavitd 
avec un espacement de 160 degr^s, lesdites pre- 
miere et deuxidme paires de sondes 6tant dispo- 
sdes avec un espacement de 90 degr^. une pre- 
miere paire d'amplfficateurs linSaires (22, 24) reli^ 
d ladite premiere paire de sondes (18. 20) et une 
deuxi^me paire d'ampilficateurs (indairss (26. 28) 
relids ^ iadite deuxidme paire de sondes (30, 32) 
pour exciter une 6nergie hyperfrdquence orthogo- 
nale dans ladite cavit6, cette dnergie 6tant telle que 
chacun de ladite pluratitd des elements rayonnants 
d'antenne dmet un faisceau parmi des faisceaux 
multiples hyperfr^quence simultands presentant la 
mdme valeur de puissance et diffSrentes valeurs de 
phase qui ddterminent la forme et la directkxi 



3. Systems d'antenne emettrice h baiayage eiectroni- 
que selon la revendk^ation 2, caractdrisd en ce que 

. ^ lesdits dispositifs d^phaseuiB (48) et dispositifs at- 
tdnuateurs (46) comprennent une pluratitd de cir- 
cuto ddphaseurs (48) et att^uateurs (46) sdparfo 
et une matrice de conrtmutatksn (44) relive d chacun 
des circuits dephaseurs et attdnuateurs pour relier 
tie nreniere selective des signaux de polarisation 
separ^s auxdites paires d'amplificateurs et de son- 
des disposes dans ladite cavlte, lesdits signaux de 
polarisation separSs foumissant la directkxi et la 
forme dudit faisceau hyperfr^quence dmis 6 partir 

30 dudit comet (10). 

4. Systems d'antenne enrwttrice k baiayage eiectroni- 
que sek)n la revendksatkxi 3. caracterise en ce que 
lesdits dispositifs attenuateurs (46)sont regl6spour 

35 assurer qu e lesdits faisceaux hyperfrequence dmls 
dpartirdesditscometsde ladite pluralite d'etements 
soient egaux en amplitude. 

5. Systems d'antenne enrmttrice e baiayage eiectroni- 
^ que selon la revendk^tkxi 4. caracterise par llnclu- 

ston d'une plural^e de signaux de puissance, dans 
lequel lesdits circuits dephaseurs (48) et cBsposHifs 
attdnuateurs (46) de chaque element d'antenne 
comprennent une pluralite de circuits dephaseurs 

^ (48) et attenuateurs (46) relies en serie. dans lequel 
chacun de ladite pluralite de circuits dephaseurs et 
attenuateurs relies en serie est relie k un signal de 
puissance separe, dans lequel chacun desdits cir- 
cuits dephaseurs et attenuateurs relies en serie est 

^ associe e un faisceau separe e emettre par ledit ele- 
ment d'antenne et dans lequel chacun desdits cir- 
cuits dephaseurs et attenuateurs refies en serie de- 
termine la directkin et la fomr>e pour chaque fais- 
ceau associe. 

55 

R Systems d'antenne emettrlce k baiayage eiectroni- 
que selon la revendk:ation 5. caracterise par i'inclu- 
sk>n da dispositifs de commando (50) relie d chacun 
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des circuits dSphaseurs (48) et att^nuateurs (46) 
pour te r^lage desdhG circuits d^aseurs k des 
valeurs sdlectionn^es pour loumtr les directions et 
formes de f alsceau d^strdes et pour ie rdglage des- 
dits circuits aitdrtuateurs d des valeurs s6lectior^ ^ 
ndes, dans lequel tous lesdits ^merits d'antenne 
ont le m6me niveau d'amplltude. 

7. Syst^me d'antenrw ^mettrice ^ batayage diectroni- 
que seton ta revendication 6, caractdrisd par flnclu- io 
slon de premier el deuxi^e ampilftcateurs k circuit 
inters monoldtiique liyperf r^uence (40. 42) bran- 
chds enire ledit coupleur hybride (34) el ladite ma- 
trfce de commutation (44), lesdits ampHficateurs h 
circuit Int6gr6 monolithlque hyperfrdquence 4tant 
fortement llndalres pour maintenir lesdits lalsceaux 
^isind6perKiants Tun de I'autre afin de fournirdes 
falsceaux multiples k 6mettre simuitan^ent sans 
interaction. 

20 
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FIG. I. 
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FIG. 3. Fig 4. 
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